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Introduction

® Progress over the last year@hysical point simulatiomave become feasible

® Advantagé
No chiral extrapolation needed, i.e. one systematic error eliminated

® Problems

O Numerically demanding
need large volumes too

O Signal-to-noise problem

O Signibcant impact in correlation functiongwidlti-particle-states

iInvolving light pions

® ChPT can be used to estimate this multi-particle-state contaminiation
= Nucleon axial, scalar, tensor charge; pdf momentss, Lattice 2017




N! contamination in axial form factors of the nucleon

® In the following!
N! contamination in axial form factorsAB3Q2) and G(Q2) of the nucleon

® ExpectationdN! contamination is
O in Ga(Q?) of same order as iga = Ga(0)
O signibcantly larger ing(&)?)

® Calculational setup is the same as Ifdr contamination in axial chargg,
- OB, Phys. Rev. D 94 (2016) 054505



The axial form factors @Q?) and G(Q?)

Matrix element of local isovector axial vector current
ISOsSpin symmetry assume

IN (p))|AS(0)IN (p)" = &(p) !u!ssA(Qz)#i!52S/|“N Gp(Q?) "?U(p)

! !

axial ff induced!
pseudo scalar

Momentum transfer Q, = (IE,, —iEy, ) d=p'—-p p =0

euclidean space tim chosen here



Lattice determination

Standard procedure:

Compute 3-pt function Csaz (b, t,t') = @My INg (K DA (Y, )N (0,0)"
Axial vector current att® K,y
Nucleon interpolating belds &t0!
Projector!

o Canz (B t,1)  Co(fyt! ) Co(D,t) Co(b, 1!
Ratio with 2-pt function Ry (b, t,t') = - 2(8 ) C2(0,1) C2(0.t)

C2(0,1) C2(0,t! t') Ca(by, 1) Co(by, 1)

Consider asymptotically large time separatioristO, t-t& "

[N

08k

! . i . . Gp(Q%
Re(b, t,t) ! 1 () = ! (VT En D) (Mn + En,5)Ga(Q%)" M

Solve a linear system and extract the form factorsk(t) ! Ga(Q%), Gp(Q?)



Lattice determination

® In practice: bPnite time separationandtO

Re(b,t,t) I G (Q4,t,t), GE (Q%t,t)

® Theeffective form factorsontain excited-state contributions and depend tptO

G (Q?,t, 1) = Gap(Q?) |1+ AGAp(Q? t,t)

® Dominant excited state for physical pion mass and large time separations:

2-particleN! states



ChPT including nucleons

Gasser, Sainio, lvarc 1988

® SU(2) ChPT at L®

isospin symmetryeuclidean space time

> O

contains the three pions and the nucleon doublét=

Ll(rllz o= Zé]A \ijm%ga\ll (?HW — nucleon-pioh >
f vertex

gan axial charge f pion decay constant

® Low energy constants at this ordega, f, My, M- !

experimentally well-known

® Also known: chiral expressions for
O axial vector current
Gasser, Sainio, lvarc 1988, Fetetsal 2000

O nucleon interpolating Pelds (local and smeared)
Nagata et al 2008; Wein, Bruns, Hemmert, SchSfer 2011; OB 2015



"I contribution to the form factors

® To do: Compute 2-pt and 3-pt functions and the rai in ChPT

® Example: Feynman diagrams for the 3-pt function

-------
.....

-----
- ~a

Loop diagrams:  « - = = + - > N a
= ¢ ¢ = = é * = = * P -
= — u = o * - N * Y -
—e ® ¢ u —¢ - ‘o u —e P * a

-------- . |

Tree diagrams: = o . - a = '

Note: Tree diagrams are expected to give laige contribution!
vanish forQ2=0 = do not contribute toga

® Status: Leading contribution iiMn-expansion computéed

Work in progress: 1/Mn-correction



"I contribution to the form factors

® Consider plateau estimates* for the form factors

1 . o o
Gh™(Q%1) = ey G487, t,t') NI contamination leads toverestimation in G

GP¥(Q?,t) = max GYT(Q?,1,t')  N! contamination leads tanderestimation in &
<t'<t

Comment:tO# t/2. Midpoint estimate is equally good

® ChPT required = 2fm such thatt andt-tO= 1fm!
(Experience from nucleon charges and pdf moments)

® ChPT calculation in bnite spatial volume, box lenhgtheriodic BC
w discrete momental,, and momentum transf@ﬁ

* | have nothing to say about the summation method



Results

fort=2fm
; e o o o o o e o o o o Gg‘lat (Qz’t = 2fm) 1
f Ga(Q?) |
GB™ (Q% t=2fm)
. Gp(Q?)
L 2 /GeV? eoM,;L =6 (e.g.PACScoll.)

o Gglat overestimates byt 5% (no visibl€)2 dependence)
= agrees with result foga in previous calculation

o G'{?,""‘t underestimates b¥ 10% - 40% depending on momentum transfer



Results

fort=2fm
; e e e gee o oo oo g oo . coe 8 Gg\'at (Q27t = me) |1
l Ga(Q?)
L o 000° GFF))Iat (Q27t - me) -1
| we > Gp(Q?)
| - . TS 4
S *
: PR L X M! L =3
C L o* ¢ 0 M! L=4
: . : o0 V[, [ =5
oL 2 /GeV? eoM,L =6 (eg.PACS coll.)

GY** overestimates byt 5% (no visibl€)2 dependence)
= agrees with result foga in previous calculation

GP?" underestimates by 10% - 40% depending on momentum transfer

Small FV effect favliL =z 3



Results

fort=2fm
0.1~ plat 2 _
I o o 0o o° goe © o0 o oo g oo ° %o § GA (Q 7t — me) | 1
I e o 0o oo o0 o o0 o0 ©° o0 ° ®oe © GA(QZ)
00 /o5 010 o015 o020 o025
t=3fm GR™ (Q2,t=2fm) .
10.1 \ G (Q?)
10.2 coM L =3
10.3 - eo M, L =4
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04 Q- /GeV? eo M, L =6 (eg.PACScoll)

Gglat overestimates byt 5% (no visibl€)2 dependence)
= agrees with result foga in previous calculation

G'{?,""‘t underestimates by 10% - 40% depending on momentum transfer

Small FV effect favliL =z 3

Increasing to 3 fm reducedN! contribution roughly by a factot/2



Observation 1

For some momentum transfer the extraction of the eff. form factors

Re(b,t,t) ! GR (Q4t,t), GE (Q%t,t))

can be done in various ways.

2" 2
Example: s = -(1,0.1) bz = 7 (1,1,0) lead to the sam&)?

Extract effective form factors using
1. Rs(qa,t,t")  Ra(be,tt’)
2. Ri(ya,t,t') Rs(be,tt')
3. Rui(ha,t,t')  Rs(da,tt)

The three choices give practically the same effective form factors !
Deviations of O(16)



Observation 2
Recall: G (Q?,1,t') = Gp(Qz)-1+! Gh' (Q%,t,t)

Observation: The loop diagram contribution taGY IS tlr
AGE' is dominated by one tree diagram! .

Conseqguences

® ChPT is expected to work better for! GY™ than fohAG)
(no tower of narrowly spacedN! states)

= result expected to be reliable for time separations much less than 2 fm (?)
® Excellent approximation:

AGYN™(f,t,t' = t/2) 1" exp|"E L cosh g t IR | @ M3
P | ™42 2Mp 2 '

Note: Determined mainly b and the source-sink separation



0.1

101+

102

e e 00 o° goeoe © oe° o0 g oo ° %°ce § nga'[ (Qz’t)l
I o o 0o o o0 © o0 o0 ©° o0 ° o0 © 2
O-Of o ‘0.65‘ o ‘O.“IO‘ o 0.‘15‘ o ‘O.‘ZO‘ o ‘O.‘25t=3fm GA(Q)
t=2.5fm
t=2fm GR? (Q?%,1)
2
t=15fm Gr(Q%)
— | GQ! approx.

Results

2 /GeV?

N! contribution for smallQ2 is governed by! ¢ F'.uz



Impact on lattice calculations ofr&)?)
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® Data underestimate experimental results and pion pole dominance model



lattice calculations ofs(&)?)

Impact on
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RemoveN! contaminatioh
from the data by

Ggat (QZ, t)

Gp (Q%) = 1+ 197(Q2 1)

® Data underestimate experimental results and pion pole dominance model

® Corrected data agree much better with pion pole dominance mbdel
To do: Check for various, continuum limit, E



Summary and outlook

® Presented here: LO ChPT results for ti excited-state contamination in the
plateau estimates for the axial form factors of the nucleon

O Overestimation for G, 3atQ2 dependence
O Underestimation for (g strong Q2 dependence for low?!
= can qualitatively explain the distortion observed in lattice data fer G
® Outlook:Analogous calculation for
O pseudo scalar form factor

O form factors for the vector current



Backup slides



Impact on lattice calculations ofr&)?)
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I contamination as a function of source-sink separatior

IA(Q2, 1t =1/2), 1p(Q3,t,t' =1/2)
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N! contamination in the correlation functions

3-pt function: Cau(h, t,t) = Cg'}',u(q,t,t!)l+ Cy (bt t)

= Cayu(b,t,t) 1+ Z,(b,tt)

!

2-pt function: analogously computable in ChPT

Ratios: Ru(q,t,t’): L) 1+ Zu(q,t,t!)+ %Y(q,t,t!)

!

from 2-pt functions



N! contamination in the correlation functions

Zu(b,t,t) = a (h)e ! BB ) 4 5 (h)e ! B O «— tree diagrams

+ ! b, (b,p)e ! EOP ) 4 5 (g,pe ! E@Pt

P loop diagrams
+ Cu(q,p)e" PEQO.p)(tT )" P E(,P)T /

p

Energygaps: ! E(0,f) = E, 4+ Eng ! My
' EO,p)= E/ p+ Enp ! My
FEMG! ) =E 4w+ M! Eng

Non-trivial results of the ChPT calcultion: The coefbcientg4n



N! contamination in the correlation functions

Example: Coefbcients from the tree-level diagrams

E 1
a —q 4 4 cor +0 (_)

o
|

NR Limit: aL:1,2<tI> = % a_s(t) =
q

T

Relevant result for approximat! G5

1
2EZ2,! O

Correction:

D= -5 g SACE



ChPT: Single nucleon contribution

M
[ | = 4 l » o |
2-pt function 3-pt function
Ga(Q)= g Gp(Q) = 4ME 2

Q2.|_ M!Z



